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What is claimed is: 

1. An optical information recording medium comprising: 
a barrier layer; 
a first protective layer; and 
a recording layer generating a reversible phase-change which can be 

optically detected according to axrirradiatipn of an energy beam; wherein said 
barrier layer is formed between said firsj^frotective layer and said recording 
layer and in contact^vlth said first protective layer and said recording layer, 
and includes eitja^r one selected from the group consisting of GeN and GeNO 
and at least^dne element selected from the group consisting of Al, B, Ba, Bi, C, 
Ca, CeJZ^Dy, Eu, Ga, H, In, K, La, Mn, N, Nb, Ni, Pb, Pd, S, Si, Sb, Sn, Ta, Te, 
Ti, WW, Yb, Zn and Zr. 

2. The optical information recording medium according to claim 1, further 
comprising a second protective layer disposed at a side of said recording layer 
opposite to said barrier layer. 

3 . The optical information recording medium according to claim 2, wherein 
said first protective layer and said second protective layer include a first 
barrier material and a second barrier material, respectively, said first and 
second barrier materials are represented by M a X b (where M denotes either one 
of a single non-gas element and a compound of a plurality of different non-gas 
elements, and X denotes either one of a single gas element and a compound of 
a plurality of different gas elements), and a value b/(a+b) of either one of said 
first and second barrier materials disposed at an energy beam-incident side of 
said recording layer is equal to or larger than the value of the other of said 
first and second barrier materials disposed at the side opposite to the energy 
beam-incident side. 



4. The optical information recording medium according to claim 1, further 
comprising a reflecting layer disposed at the side of said recording layer 
opposite to an energy beam-incident side of said recording layer. 

5. The optical information recording medium according to claim 4, further 
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comprising a second protective layer disposed adjacent said recording layer, 
wherein said second protective layer is disposed between said reflecting layer 
and said recording layer, and has a thickness of 60 nm or less. 

5 6. The optical information recording medium according to claim 5, wherein 
said barrier layer is disposed at the energy beam-incident side of said 
recording layer. 

7. The optical information recording medium according to claim 1, wherein 
1 0 said first protective layer has a thickness of 80 nm or more. 

fi 8. The optical information recording medium according to claim 1, wherein 

y3 said barrier layer includes a barWer mfe^ri^l which is either one selected from 

the group consisting of a nitrwfe\fa non-gas element and an oxynitride of a 
fy 1 5 non-gas element. / 

O 9. The optical information recording medium according to claim 3, wherein 

^ each of said first and second barrier materials is either one selected from the 

W group consisting of a nitride of a non-gas element and an oxynitride of a non- 

20 gas element. 

10. The optical information recprdh*g medium according to claim 8, wherein 
said non-gas element comprises^ nop^gasi element selected from the group 
consisting of Ge, Sb, Si, Zr, Ti ; 

25 

11 . The optical information recording medium according to claim 9, wherein 
said non-gas element comprises a non-gas element selected from the group 
consisting of Ge, Sb, Si Zr, Ti and Al. 

30 12. The optical information recording medium according to claim 1, wherein 
said barrier layer includes a barrier material in which at least one selected 
from the group consisting of nitrogen and oxygen is less than a stoichiometric 
composition. 
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13. The optical information recording medium according to claim 1, wherein 
said barrier layer contains at least one element selected from the group 
consisting of Cr and Al and a density of said element is equal to or less than a 
density of a non-gas element in said barrier layer. 

14. The optical information recording medium according to claim 1, further 
comprising: a second protective layer disposed at a side of said recording layer 
opposite to said barrier layer; wherein each of said first and second protective 
layers includes Ge, said recording layer is formed between said first and 
second protective layers, and a Ge density in either one of said first and 
second protective layers disposed at an energy beam-incident side of said 
recording layer is equal to or less than a Ge density in the other of said first 
and second protective layers disposed opposite to the energy beam-incident 
side of said recording layer. 

15. The optical information recording medium according to claim 1, wherein 
said barrier layer includes Ge and a density of the Ge is in the range between 
35% and 90%. 

16. The optical information recording medium according to claim 1, wherein 
said barrier layer is disposed at an energy beam-incident side of said 
recording layer and includes Ge, and a Ge density of said barrier layer is in 
the range between 35% and 60%. 

17. The optical information recording medium according to claim 1, wherein 
said barrier layer is disposed at a side opposite to an energy beam-incident 
side of said recording layer and includes Ge, and a Ge density of said barrier 
layer is in the range between 40% and 90%. 

18. The optical information recording medium according to claim 1, wherein 
said barrier layer is disposed at a side opposite to an energy beam-incident 
side of said recording layer and includes Ge, and a Ge density of said barrier 
layer is in the range between 40% and 65%. 
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19. The optical information recording medium according to claim 2, wherein 
said first protective layer and said second protective layer include a first 
barrier material and a second barrier material, respectively, and a 
composition of each of said first and second barrier materials is one 

5 composition existing within a region surrounded by four composition points 
BlCGe^NUo), B4(Ge 83 . 4 N 33 0 13 . 3 ), GlCGe^N^o), G4(Ge 311 N 13 . 8 0 55 . 1 ) in a three 
element composition diagram whose vertices are Ge, N, and O. 

20. The optical information recording medium according to claim 19, wherein 
10 a composition of either one of said first and second barrier materials in a layer 

disposed at the energy beam-incident side of said recording layer is one 
composition existing within a region surrounded by four composition points 
DlCGe^oN^o), D4(Ge 488 N 102 O 410 ), G^Ge^N^), G4(Ge 3L1 N 13 . 8 0 5ai ) in a three 
element composition diagram whose vertices are Ge, N, and O. 

15 

21. The optical information recording medium according to claim 19, wherein 
a composition of either one of said first and second barrier materials in a layer 
disposed at the side opposite to the energy beam-incident side of said 
recording layer is one composition existing within a region surrounded by four 

20 composition points B^Ge^oN^), B4(Ge 834 N 33 0 133 ), Fl(Ge 429 N 57 x ), 
F4(Ge 35 5 N 129 O sl 6 ) in a three element composition diagram whose vertices are 
Ge, N, and O. 

22. The optical information recording medium according to claim 21, wherein 
25 said composition is one composition existing within a region surrounded by 

four composition points C^Ge^N^), C4(Ge 539 N 92 0 369 ), Fl(Ge 429 N 57 x ), 
F4(Ge 35 5 N 12 9 0 516 ) in a three element composition diagram whose vertices are 
Ge, N, and O. 

30 23. The optical information recording medium according to claim 1, wherein a 
value n and a value k included in a complex refractive index n+ik of a barrier 
material of said barrier layer are within the range of 1.7^Sn^3.8 and O^k^ 
0.8, respectively. 
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24. The optical information recording medium according to claim 23, wherein 
the value n and the value k included in the complex refractive index (n+ik) of 
said barrier material are within the range of 1.7^n^2.8 and 0^k^0.3, 
respectively. 

25. The optical information recording medium according to claim 1, wherein 
said recording layer includes a phase-change material containing at least 
one of Te, Sb and Se. 

26. The optical information recording medium according to claim 25, wherein 
said phase-change material contains Ge-Sb-Te. 

27. The optical information recording medium according to claim 1, wherein 
said first protective layer includes an optically transparent dielectric material 
containing at least one element selected from the group consisting of O, S, and 
Se. 

28. The optical information reoprjfing vadium according to claim 1, wherein 
said barrier layer includes eith^onem^raitride and an oxynitride of at least 
one element constituting sai^ecofc^nglayer. 

29. A method of recording/erasing/reproducing an optical information by 
recording, reproducing, and erasing an optical information on the optical 
information recording medium as in claim 1 by irradiating a laser beam with 
controlling power of the laser beam. 



30. An optical information recording medium comprising: 
a barrier layer; / 
a protective layer; and / 

a recording layer generating a reversible phase-change which can be 
optically detected according to/an irradiation of an energy beam; wherein said 
barrier layer is form^dHSetWen said protective layer and said recording layer 
and in contact with said^p^otective layer and said recording layer, and 
composed of a barrier max^rim having a non-stoichiometric composition. 

/ 81 



4 



10 



15 



31. A method of recording/erasing/reproducing an optical information, 
comprising the steps of: providing an optical information recordingjnediiim 
comprising a recording layer generating a reversible phase-chajigewhich can 
be optically detected according to an irradiation of an energy beam, a barrier 
layer, and a protective layer; recording a signal tp^aid recording layer by 
irradiating said recording layer with a moduhj££<3Taser beam erasing a signal 
recorded on said recording layer by irradiating said recording layer with a 
laser beam having a predetermmedptJwer level; reproducing a signal recorded 
on said recording layer by irradiating beam to said recording layer and 

detecting a light strengthpfa reflectiArflight or a transmitted light from said 
recording layer; whemm said barrier layer is formed between said protective 
layer and said me<5rding layer and in contact with said protective layer and 
said recordinglayer, and includes either one of GeN and GeNO and at least 
one elem^fit selected from the group consisting of Al, B, Ba, Bi, C, Ca, Ce, Cr, 
Dy, Eja^Ga, H, In , K, La, Mn, N, Nb, Ni, Pb, Pd, S, Si, Sb, Sn, Ta, Te, Ti, V, W, 
xZn and Zr. 



32. A method of Woducing an optical information recordjafg medium 
comprising: 

20 a first step of forming a protective layer; 

a second step of\forming a recording layer^enerating a reversible 
phase-change which can be\pptically detected accpfding to an irradiation of an 
energy beam, and 

a third step of forming\a barrier le(yer by a high-frequency sputtering 
25 method in an atmosphere cont^nhwrare gas using a target containing a 
barrier material. 

33. The method according t6 claim 3^, further comprising a fourth step of 
forming a protective lay^r at one side\of said recording layer by a high- 

30 frequency sputtering ifiethod in an atmosphere containing rare gas using a 
target containing a Jtfarrier material. 



34. The method according to claim 33, wherein sar4 target used in said fourth 
step is mado^of a barrier material. 
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35. The method according to claim 32, wherein said target includes at least, 
one selected from the group consisting of a non-gas component of said baiter 
materia^ a nitride of said non-gas component, an oxynitride of said non-gas 
component^ and an oxide of said non-gas component. 

36. The methodsaccording to claim 32, wherein said barrier layer is formed by 
a reactive sputtering method performed in an atmosphere/containing a mixed 
gas containing rareVas and nitrogen component. 

37. The method accordiW to claim 32, wherein said protective layer is formed 
by a reactive sputteringViethod performed in/an atmosphere containing a 
mixed gas containing rare gas and nitrogen ccmiponent. 



%KHT 



I 5 38. The method according to ck 
one of Ar and Kr. 



32, wherein said rare gas contains at least 



39. The method according to claim 32, wherein a first layer at an energy 
beam-incident side of said recording layer and a second layer at a side of said 
20 recording layer opposite to /aid energy beam-inciden Aside are formed in a 
sputter atmosphere gas, And a nitrogen partial pri^teure in the sputter 
atmosphere gas for forming said first layer is tdgher than a nitrogen partial 
pressure in the sputte/ atmosphere gas for forming said second layer. 



25 40. The method according to claim 32, wherein at Iteast one of said barrier 
layer and said l/rotective layer includes a barrier material and formed by a 
reactive sputtering method, and a non-gas component of \$dd barrier material 
is Ge. 

30 41. The/method according to claim 40, wherein said target includes an 
element selected from the group consisting of Ge 3 N 4 -GeO, GeO,\je0 2 , Ge 3 N 4 
GeO/and Ge 3 N 4 -Ge0 2 . 



42. The method according to claim 40, wherein said reactive sputtering is 
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carried out in an atmosphere gas whose total pressure is in the range between 
1 mTo^r and 50 mTorr. 7 

43. The method according to claim 40, wherein an atmosphere gas/tosed in 
said reactive^puttering is a mixed gas containing rare gas anpKN 2 , and a 
partial pressure\atio of N 2 is in the range between 10% and 6(pb. 

44. The method according to claim 43, wherein said paraal pressure ratio of 
N 2 is in the range between 10% and 50%. / 

45. The method accordirig to claim 40, wherein a power density of said 
reactive sputtering is higher than 1.27 W/cnaK and the sputter atmosphere 
contains a mixed gas including, rare gas and / N 2 . 

1 5 46. The method according to claiiti\42 ;/ wherein 

a sputter rate of said reactive sputtering is more than 18 nm/minute. 

47. The method according to/claim 4(\ wherein TV complex refractive index 
value n+ik of at least one or said barrieAayer arij^said protective layer is in 

20 the range between 1.7^nfe3.8 and 0^k^0l8. 

48. The method acceding to claim 32, whereik said target is a single target 
comprises at least erne of an element included in said recording layer, a nitride 
of an element included in said recording layer, a\i oxynitride of an element 

25 included in said recording layer, and a oxide of anVlement included in said 
recording la^er, and the sputter atmosphere gas includes rare gas and one of 
nitrogen cjzfmponent and oxygen component. \ 

49. The method according to claim 32, wherein said target is\ame as a target 
30 usedrfor forming said recording layer, and one of partial pressure of gas 

containing nitrogen component and a partial pressure of gas containing 
pxygen component in the sputtering atmosphere is increased. \ 

Jkv 50. An optical information recorchn^mfeaium comprising a phase-change 

^> /™ 
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recording layer having reversibly changeable^efptical characteristics and a Ge- 
containing layer comprising either one sedated from the group consisting of 
GeXN and GeXON as a main component, 

wherein X is at least one el^mentj^eiected from the group consisting of 
elements belonging to Groups Ilia, IVa, Va, Via, Vila, VIII, lb and lib and C. 

51. The optical information recording medium according to claim 50, 
wherein the Ge-containing layer is in contact with at least one surface of the 
phase-change recording layer. 

52. The optical information recording medium aedbrding to claim 50, the 
edium comprising a first Ge-containing layer and a second Ge-containing 

layer, the first Ge-containing layer and the second Ge-containing layer 
comprising either one selected from ^ke group of GeXN and GeXON as a main 
component, 

wherein X is at least orie elem^nftselected from the group consisting of 
elements belonging to Groups Ilia, Wa, Va, Via, Vila, VIII, lb and lib and C, 

the phase-changyrecordingllayer^Kaving a first surface on which laser 
beams are incident ini^se and a seconxfsurface on the other side, 

wherein the/first Ge-containing layer in contact with the first surface 
and the second Ge-containing layer is in contact with the second surface. 



53. The optical information recording medium according to claim 52, 
wherein the content of X in the first Ge-containing layer is different from the 
content of X in the second Ge-contairnng!^^ 



54. The optical information 
wherein the first Ge-containing 
(Ge 1 . m XJ a O b N c (0<m<l 
Ge-containing layer has a 
d>0, e ^ 0, f>0, d + e- 
m < n. 

55. The optical information reco! 




medium according to claim 52, 
s a composition represented by 
c>0, a + b + c = 100), and the second 



ticm represented by (Ge ^X^O^ (0 < n < 1, 
ad the following inequality is satisfied: 



dium according to claim 50, 
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wherein a composition ratio d£Q^sm^L X in the Ge-containing layer is 
represented by Ge^Xj, (0 < y/% (q^X( 

56. The optical information recording medium according to claim 50, 

5 wherein a composition ratio of (GeX), O and N in the Ge-containing layer has 
numerical values which He within the range represented by the area ABDC in 
a ternary phase diagram of (GeX), O and N, where the points A, B, C and D 
are as follows: 

A ((GeX) 90 . 0 O 0 , 0 N 10 . 0 ), B ((GeX) 83A 0 13 , 3 N^, 
10 C ((GeX) 35 . 0 O 0i0 N 65 . 0 ), D ((GeX) 3 , 1 0 55 . 1 N 13 . 8 ). 

57. The optical information recording medium according to claim 56, 
wherein a composition ratio of Ge and X in the Ge-containing layer is 
represented by Ge^Xp (0 < p ^ 0.5). 

15 

58. The optical information recording medium according to claim 50, 
wherein a thickness of the Ge-containing layer is at least 1 nm. 

59. The optical information recording medium according to claim 50, 

20 wherein X is at least one element selected from the group consisting of Cr, Mo 
and Mn. 

60. The optical information recording medium according to claim 50, 
wherein X is at least one element selected from the group consisting of Ti, Zr, 

25 NbandTa. 

61. The optical information recording medium according to claim 50, 
wherein X is at least one element selected from the group consisting of Fe, Co 
and Ni. 
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62. The optical information recording medium according to claim 50, 
wherein X is at least one element selected from the group consisting of Y and 
La. 
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63. The optical information recording medium according to claim 50, 
wherein the phase-change recording layer comprises a phase-changeable 
material including any one selected from the group consisting of Te, Se and Sb 
as a main component. 

64. The optical information recording medium according to claim 50, 
wherein the phase-change recording layer comprises a phase-changeable 
material including Te, Sb and Ge as a main component. 



1 0 65. A method for producing an optical information recording medium 
comprising the steps of: forming a phase-change recording layer ha\ 
reveraibly changeable optical characteristics; and forming a Ge-containing 
layer comprising either one selected from the group consisting ofGeXN and 
GeXON a\a main component, where X is at least one element selected from 

1 5 the group consisting of elements belonging to Groups IIIa/TVa, Va, Via, Vila, 
VIII, lb and IlbWd C, 

wherein the Ge-containing layer is produced / by reactive sputtering 
with a target including at least Ge and X in a mbged gas comprising a rare gas 
and nitrogen. 
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66. The method for producing an optical information recording medium 
according to claim 65, wherein t>he mbzed gas further comprises oxygen. 



67. The method for producing ^6. optical inforiifation recording medium 
2 5 according to claim 65, 

the method comprising a first steto of forming a first Ge-containing 
layer, a second step of forming a phase-change recording layer having 
reversibly changeable efptical characteristics oil the first Ge-containing layer, 
and a third step of fprming a second Ge-containn^g layer on the phase-change 
30 recording layer, 

wherei^a content ratio of nitrogen in the miked gas in the first step is 
different frorja a content ratio of nitrogen in the mixed gas in the third step. 



68. The method for producing an optical information recording medium 



according to claim 67, wherein a content ratio of nitrogen in the mixed gas ir 
the first step is larger than a content ratio of nitrogen in the mixed gas ip^me 
third s^ 



69. The methqd for producing an optical information recording medium 
according to claim^65, 

wherein a fir^t step of forming a first Ge-contadning layer, a second 
step of forming a phase-ohange recording layer haying reversibly changeable 
optical characteristics on the first Ge-containinglayer, and a third step of 
forming a second Ge-containm^ layer on the^phase-change recording layer are 
performed in this order, and 

a composition ratio of Ge aVd Xdn the target used in the first step is 
represented by Ge^^ and a composition ratio of Ge and X in the target used 
in the third step is represented by^Ge^nSL, and the following inequality is 
satisfied: m < n , where 0 < m </l, 0 < n <N 

70. The method for producing an optical information recording medium 
according to claim 65, wjierein the target includes a mixture of Ge and X. 



71. The method for producing an optical information recording medium 
according to clam/ 65, wherein the target includes an alloy of Ge and X. 

72. The method for producing an optical information recording medium 
according tp claim 65, wherein a total pressure of the mixed gas is at least 
l.OmTori 

73. Frhe method for producing an optical information recording medium 
according to claim 65, wherein a partial pressure of nitrogen in the mi^ed gas 
i/at least 10%. 



74. The optical information recording medium according to claim 51, 
wherein the Ge-containing layer prevents atoms from diffusing between the 
phase-change recording layer and a layer adjacent to the recording layer. 



88 



